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 PARTI -
BACKGROUND
PURPOSE OF THIS INTERIM REPORT
The International Joint Commission charged
the Virtual Elimination Task Force to investigate the
requirement of the amended Great Lakes Water
OualityAgreementto virtuallyeliminatetheinputof
persistent toxic substances into the Great Lakes
Basin Ecosystem. The task force was constituted in
July 1990.
In this interim report, the task force pre—
sents its initial advice and recommendations to the
Commission. The contents of this report are based
on the task force's investigations to date, some of
which were undertaken with the assistance of con-
tractors. In addition, the task force sought -- and
obtained -- public input through a discussion sum-
mary, released in April 1991, and two public work-
shops, held in Milwaukee, Wisconsin on April 24
and in Hamilton, Ontario on May 1, 1991. The
thoughtful insight from numerous individuals and
organizations helped to shape the content of this
interim report, as well as to provide direction forthe
remainder of the task force's mandate.
After completing its investigation of the
virtual elimination issue, the task force will tender
its final report for the Commission's 1993 Biennial
Meeting on Great Lakes Water Quality.
The task force gratefully acknowledges the
assistance of all who have contributed to the task
force's investigation and to this interim report.
Particular thanks are extended to Ms. Mary Ann
Morin for preparing the manuscript in its many
iterations, and to Ms. Susan Trudeau-Campbell for
attending to production details, including design
and layout. For additional information, please con-
tact the task force secretary, Dr. Marty Bratzel (see
Appendix). Comments and advice about all aspects
of the task force's work are most welcome.
  
THE ISSUE
PREAMBLE-THE COMMISSION’S POSITION
 
In its Fifth Biennial Report on Great Lakes
Water Quality, issued in 1990, the International
JointCommission, in itsfirstgeneral recommenda-
tion, urged the Parties to:
"take every available action to stop the inflow of
persistent toxic substances into the Great Lakes
environment. "
Specifically, the Commission recommended that:
"the Parties complete andimplement immediately
a binational toxic substances management strat-
egy for accomplishing, as soon as possible, the
Agreement philosophy of zero discharge. "
These recommendations were made on the
basis ofa numberofimportantconclusionsthatthe
Commission reached in the course of its research
and analysis. It became clear to the Commission
that concern for fish and wildlife health was well
founded, and that this concern should be extended
to humans as well. Thus, it concluded that:
"What our generation has failed to realize is that,
whatwe are doing to the GreatLakes, we are doing
to ourselves and to our children. "
And:
" the Commission must conclude that there is a
threat to the health ofourchildren emanating from
our exposure to persistent toxic substances, even
at very low ambient levels. "
The Commission based these conclusions
and recommendations on mounting evidence
which, it concluded, " cannot be denied.“ Since
the 1990 Biennial Report, the evidence has contin-
ued to mount, and some important scientific and
governmental consensus has emerged to further
cement the basis for the Commission's position.
Specifically:
- There is consensus that persistent toxic
substances cause significant adverse effects on,
and substantial damage to fish and wildlife species.
o Adverse effects have been found in the
children of women who ate contaminated fish from
 
Lake Michigan, and the injury occurred mainly
prenatally.
- There is consensus that persistent toxic
substances are a threat to human health, to fish and
wildlife health and,indeed,totheentireecosystem.
Consider the following.
THE WEIGHT OF EVIDENCE
Cumulatively, the weight of evidence devel—
oped over morethantwo decadeslinking persistent
toxic substances to injury, disease, and death in a
variety of life forms, including humans, is indeed
heavy. The most consistently observed effects in
aquatic biota (including fish) and wildlife are repro—
ductivefailure, population declines,deve|opmental
abnormalities, and generational effects. Grossly
observable effects in these species include adult
and embryonic mortality, teratogenic or embryo
deformities, malignancies or carcinogenic effects,
and other effects in offspring, including
neurobehavioural deficiencies.
Also observed are a large number of bio-
chemicaland physiologicalchangeswhose biologi-
cal significance is not yet fully understood. These
changes may be subtle and may involve a break-
down of the biological control or homeostatic
mechanisms that sustain health, or of natural im-
munity. As a result, the organism is less able to
tolerate environmental changes or stress, to cope
with disease or illness, and generally to cope physi-
cally with habitat changes or variations.
Subtle disturbances to majorfeaturesofcellu-
lar organization, division, and growth control also
may occur. This may also involve interference with
sex steroid metabolism and, therefore, sexual de-
velopment and maturation, as in the observed
feminization of male herring gulls. Of particular
menace is the penetration ofthe germ cell machin-
ery and the germ cells themselves, and
the possible contact with genetic materials.
Table 1 summarizes the principal contami-
nant— related effects observed in 11 species ofGreat
Lakes wildlife. This table reflects real-life environ-
mental exposures to complex mixtures of hundreds
of chemicals. Table 2 summarizes more specific
effects in a number of species including humans,
and includes those substances thought to be most
associated with the effects. This evidence, and
more, underscores the Commission's concern with
the injury and threats to children and the implicit
menace to the unborn and to future generations, as
a result of exposure to persistent toxic substances.
Limited evidence from human studies sug-
gests that developmental effects occur in the off-
spring of exposed parents. Overall, despite uncer-
tainties, there are sufficient data to conclude that 1)
developing human infants and future generations
are the most highly exposed and sensitive, and 2)
human reproduction and development are the
most sensitive endpoints.
Thesingle ongoing study ofthe offspring of
mothers who ate contaminated Lake Michigan fish
indicated several effects. Lifetimefish consumption
was associated with prenatally induced growth
retardation, as well as short—term memory deficits
involving visual recognition and verbal, quantita—
tive and pictorial memory. Postnatal exposure
through breastfeeding was associatedwith reduced
activity levels. In experiments, PCBs caused a de-
crease in brain cell dopamine content, an effect
suspected to underlie the neurotoxic effects.
Lead and mercury have a long history as
poisons, as do other toxic trace metals such as
arsenic and cadmium. A direct cause-and—effect
relationship between human exposure to lead and
mercury, and neurobehavioural effects has been
established. At remarkably low concentrations, lead
causes a permanent reduction in cognitive ability,
as well as behaviour abnormalities (e.g. hyperactiv-
ity) in children. Current average blood lead concen—
trations in children residing in the Great Lakes basin
are at levels associated with adverse effects on
neurological development. in addition, maternal
exposure can cause neurobehavioural effects in the
fetus. (These levels are, however, not necessarily
different from levels elsewhere in North America).
Learning and motor skill development deficits in
children also have been correlated with maternal
tissue concentrations of mercury.
Several persistenttoxic substances consid-
ered to be human reproductive toxica nts have been
detected in human breast milk and throughout the
organs,tissues,andvariouscellsofthe human body
that control reproduction. These substances pen-
etrate the ovarian follicle (the protective container
of the human egg) and into the sperm. It is reason-
able to suspect that many other substances with
similarchemical and physical properties might also
be found in these tissues. Because of the persis—
tence of these substances, a number of future gen-
erations will be exposed through the transfer of
present body burdens, even if present exposures
were to stop now.
Thus, the production, use, distribution and
disposal of potent chemical substances outside of
biological experiences, have breached the normal
protective barriers ofthe germ line, and its integrity.
This could be a factor contributing to the otherwise
unexplained declines in North American fertility
rates, and to the unexplained infertility in North
American couples. On the Canadian side of the
Great Lakes, between the early 1960s and 1976, total
fertility in Ontario and Quebec fell drastically, and
reached the lowest rates in Canada in 1981.
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X = effects documented and reported in the published literature. Unpublished records of congenital malformations exist
for the double-crested c
ormorant, the great blu
e heron, and the Virgini
a rail.
NA: not applicable
NE = not examined
3 = suspected, since population declined
Source: Environment Canada, Department of Fisheries and Oceans, and Health and Welfare Canada. Toxic Chemicals in the Great Lakes
and Associated Effects. [Ottawa], Ministry of Supply and Services, 1991. p. 563. Cat. No. En 37-95/1990-1E. ISBN 0—662—18317-7.
 
TABLE 2
CA USE-EFFECT LINKAGES 0F PERSISTENT TOXIC SUBSTANCES
 
CONTAMINANT SPECIES EFFECT
DDE, dieldrin, PCB Bald eagle Eggshell thinning; embryo mortality;adult mortality
PCB Forster's tern Embryonic mortality; deformities
Dioxin, PCB, DDT Double-crested Embryo deformities; eggshell thinning cormorant
PCB Snapping turtle Embryo abnormalities; embryo mortality
PCB, dioxin Mink and otter Reproductive dysfunction
PAH Brown bullhead Liver and skin tumors
PCB Lake trout Unable to reproduce normally; hatchability and
fry mortality
Dioxin, PCB, DDT Herring gull Embryonic mortality; porphyria;
thyroidhyperplasia; Vitamin A depletion;
deformities; feminization; poor parenting
PCB
Human offspring
Short-term memory deficits (visual, verbal,
quantitative, pictorial); growth retardation;
activity retardation
Lead
Human offspring
Hyperactivity; permanently reduced
intelligence; neurobehavioural
abnormalities
Mercury
Sources: published literature. Details available from the task force.
Human offspring
 
Learning and motor skill deficits
 
THE NEED FOR VIRTUAL ELIMINATION
Ecosystem quality in the Great Lakes today is
improved from conditions 20 years ago. This
improvement is partially the result of construction
of municipal and industrial waste treatment sys—
tems, and remedial efforts to clean up contami-
nants already in the ecosystem. The focus of these
approaches was on the traditional pollutants, such
as phosphorus, BOD and suspended solids, but
with the coincident reduction of other contami-
nants, particularly those attached to particulates.
The most significant improvements in the
reduction of persistent toxic substances have only
been realized through restrictions and/or bans on
the manufacture or use of persistent toxic sub-
stances such as PCB and DDT. Beyond this, no clear
strategy has been established to achieve further
reductions and zero discharge, on the road to the
Agreement goal to virtually eliminate inputs of
persistent toxic substances.
Despite these improvements, concentra-
tionsofmany persistenttoxic substances measured
in fish tissue, as well as other indicators of ecosys—
tem health, remain at unacceptable levels. This is
because of the ability of these substances to resist
degradation, and because contaminants continue
to be added to augment the levels already in the
ecosystem. Consequently, a fundamental environ-
mental precept is now acknowledged: the Great
Lakes Basin Ecosystem is not able to receive and
assimilate persistent toxic substances. Past and
present problems associated with persistent toxic
substances must be corrected and future problems
prevented.
It would seem that the foregoing informa—
tion on the effects of persistent toxic substances on
human, fish, wildlife, and ecosystem health should
provide decisionmakers with an urgent message.
The weight of evidence should compel them to
consider again the significance of the contamina—
tion of the ovarian follicle and the sperm, of the
placenta, breast milk, food chains, the biosphere,
andthe brainthatenablesthis reflection. Surelythe
ultimate pollution is that of the origins and intelli—
gence of children, our future generations.
Political courage is needed to recognize
this crisis, and to mobilize the strong support and
mandate needed among all sectors of society to
implement necessary reforms. Many culprit con—
taminants are already in the ecosystem, and others
are being added daily. The Great Lakes Water
QualityAgreementspecificallycallsforvirtualelimi-
nation of the input of persistent toxic substances,
andforprogramsto restoreand maintainthechemi-
cal, physical, and biological integrity of the waters
of the Great Lakes Basin Ecosystem. And yet, the
Commission notes that serious questions remain
about the will of the Parties to address this issue
head on, and with vigour.
Does the will exist to provide the strong
political mandate, direction, and support, and to
provide the level of institutional resource funding
adequate to implement, oversee, and enforce the
actions needed to implement the pledges contained
in the Agreement? Publicly defined, specific, and
adequately funded programs to achieve the pur-
pose and objectives of the Agreement thus far are
not in evidence.
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 CHARGE TO THE TASK FORCE
The International Joint Commission has
recognized the issues associated with persistent
toxic substances in its reports over the past decade.
Most recently, in its Fifth Biennial Report, the Com-
mission urged Governments to develop and imple-
ment "a comprehensive, binational program to
lessen the use of, and exposure to persistent toxic
chemicals found in the Great Lakes environment."
To contribute to the definition and resolution ofthe
issue, the Commission charged the Virtual Elimina-
tion Task Force to investigate the Agreement re-
quirement to virtually eliminate the input of persis—
tent toxic substances into the Great Lakes Basin
Ecosystem. Specifically, the task force will pro-
vide adviceand recommendations to the Commis-
sion about what a virtual elimination strategy
should contain and how the strategy could be
implemented.
The Commission will, in turn, provide its
advice to Governments. The task force is providing
its initial advice and recommendations in this in-
terim report, and will issue its final report in 1993,
after investigating more fully selected aspects of
the virtual elimination issue.
In order to achieve and maintain a healthy
ecosystem, the elements of a strategy to virtually
eliminate the input of persistent toxic substances
must be identified. To develop a solid basis for its
conclusions and recommendations, the task force
has focussed on:
- What injury have persistent toxic sub-
stances caused, and what danger do they pose?
Without a solid case, there is little incentive or
justification for undertaking any virtual elimination
strategy.
- Definitions of key terms -- persistent toxic
substance, virtual elimination, and zero discharge
--to ensure a common
and clear basis for discus-
suon.
- Criteria and a procedure to identify and rank
persistent toxic substances.
- Sources and pathways by which persistent
toxic substances enter the ecosystem, the quanti-
ties that these sources and pathways contribute,
and their relative significance.
- The elements of a strategy to virtually elimi-
nate present inputs, remediate contamination from
past inputs, and anticipate and prevent future in-
puts, for all sources and pathways. The strategy
must consider what tools to apply, how and when,
and who is responsible. The strategy thus includes
implementation and tracking the success of the
actions taken.
- identification and evaluation of the legisla-
tive, regulatory, technological, economic, and edu—
cational tools and opportunities to achieve virtual
elimination.
- Identification of performance indicators, or
measures of success, to allow us to conclude that
virtual elimination of inputs of persistent toxic sub—
stances has been achieved, and that the ecosystem
has been restored and is protected.
- Definition of the desired goals or end points
of virtual elimination efforts, or how clean is clean?
How
do we
know
when
we
have
arrived?
The
performance indicators help us to articulate, moni-
tor, quantify, and measure these goals.
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 GOALS AND OBJECTIVES
 
The Parties' stated purpose for the amended
Agreement "is to restore and maintain the chemi-
cal, physical, and biological integrity of the waters
of the Great Lakes Basin Ecosystem." More specifi-
cally with regard to persistent toxic substances, the
intent is to undertake actions, programs, and other
measures to:
' Protect human health;
- Ensure the continued health and productiv-
ity of living aquatic resources, including their use
by humans;
- Ensure further ecosystem protection.
To fulfill these requirements, it is necessary to:
- Virtually eliminate present inputs ofpersis-
tent toxic substances;
- Anticipate and prevent future inputs and
problems;
- Remediate problems from past and present
inputs.
TERMINOLOGY
 
In its charge to the task force, the Commis-
sion requested a definition of key terminology,
including persistenttoxic substance, zero discharge,
and virtual elimination. Thetaskforceisgratefulfor
the numerous suggestions and recommendations
received on the definitions proposed in its April
1991 discussion summary. The time spent discuss-
ing definitions ofthese terms at the task force's two
public workshops, at the Commission's
Roundtables,in written commentsto the taskforce,
and among the task force membership is hearten-
ing: it indicates these commitments in the Agree-
ment are now being taken more seriously.
The realchallenge,however,is notto reach
unanimous agreement on terms, but to achieve the
goal of the Agreement: to restore and maintain
ecosystem health.
For the purposes of this report, the follow-
ing definitions are used, which are based on the
language of the Agreement. However, the task
force finds that, in some cases, the Agreement
language is not sufficient to develop a strategy to
implement the policy of virtual elimination. Where
appropriate, these definitions have been expanded.
VIRTUAL ELIMINATION
The virtual elimination of inputs of persis—
tenttoxicsubstances is an obligation undertaken by
the Parties in the 1978 Agreement. This commit—
ment wasstrengthened bythe 1987 amendments to
the Agreement. Article ll of the Agreement states
that: "It is the policy of the Parties that The
discharge of toxic substances in toxic amounts be
prohibitedandjhe dischargeofany orallpersistent
toxic substances be virtually eliminated. "
This first policy commitment in the Agree-
ment clearly intends that virtual elimination be one
of the cornerstones to achieving the Agreement
goal of restoring and maintaining ecosystem health.
.__‘. I 13 ,
  
 The task force offers the following obser-
vations and conclusions regarding virtual elimina-
tion:
- Current government programs controlling
toxic substances, forthe most part, fail to recognize
any distinction between toxic substances and per-
sistent toxic substances, as called for in Article ll of
the Agreement.
' Virtual elimination is an overall strategythat
will require different approaches -- some preven-
tive, some remedial -- to control different sources.
' The virtual elimination strategy must apply
to all sources: point and nonpoint.
-The policy goal ofvirtual elimination applies
to the presence of persistent toxic substances in the
Great Lakes Basin Ecosystem.
- For those persistent toxic substances al-
ready released into the ecosystem, it is not practical
to completely remove all of them, especially from
the open waters ofthe lakes, or from sediments on
the bottom of the lakes, or from groundwater
contaminated, for example, by leaking landfills.
Therefore, the qualifier "virtual" is appropriate as
applied to eliminating the presence‘of persistent
toxic substances from the ecosystem. The virtual
elimination strategy must prevent the input of any
additional quantities of persistent toxic substances
to an alreadyoverburdened ecosystem,and cleanup
programs should be undertaken wherever pos-
sible.
- Considering our technological capability to
measure lower and lower concentrations of con—
taminants in the ecosystem, virtual elimination of
existing persistent toxic substances may never be
zero but, rather, the strategybhallenges us to con-
tinuously strive to reduce the amount entering the
environment.
- Because some persistent toxic substances
already are present in the ecosystem, and because
life in the Great Lakes Basin Ecosystem is vulner-
able to contamination from persistent toxic sub-
stances, implementation of the virtual elimination
strategy requiresthatthe policy ofzero discharge be
applied to prevent further releases from all sources
of persistent toxic substances.
ZERO DISCHARGE
 
Zero discharge means the elimination of all
inputs of persistent toxic substances, whether from
direct release into waterways or the atmosphere,
indirect releases such as agricultural and urban
runoff, or inadvertent releases, such as from spills.
Zero discharge also means that no more persistent
toxic substances will be added to the Great Lakes
Basin Ecosystem. It applies to persistent toxic
substances that are produced, used, distributed or
disposed of in or on the Great Lakes Basin Ecosys-
tem.
Zero discharge, as presented in Annex 12 of
the Agreement, is a "philosophy adopted for the
control of inputs of persistent toxic substances" to
guide regulatory strategies. Zero discharge of ad-
ditional amounts of persistent toxic substances is
essential to achieve the goal of restoring ecosystem
health because of the quantities of these com-
pounds already present in the ecosystem, the dam-
age that has already occurred, and the inability of
the ecosystem to assimilate any additional inputs.
The guiding assumption is that all sources
of persistent toxic substances must be eliminated,
to prevent any opportunity or availability for the
chemicals to enter the ecosystem. Zero discharge
will lead to zero availability; it does not mean less
than detectable or best available technology, or
other means of treatment or control which, after
application,continueto releasesome residual level.
The preferred means to implement the
policy of virtual elimination of persistent toxic sub-
stances is to prevent these substances from being
14
 released, i.e. zero discharge. Clearly, to preventthe
release of persistent toxic substances to the envi-
ronment, their manufacture and use must be pro-
hibited; then, they are not available.
However, as a purely practical matter, pro-
hibitions and zero discharge cannot beimplemented
everywhere at once. Therefore, some form of
treatment and control, to attempt to capture re-
sidual contaminants after they have been used, is
needed in the interim. However, even the most
advanced treatmentwill likely never achieve virtual
elimination (zero discharge) of persistenttoxic sub-
stances from effluent.
Treatment, or attempting to capture re-
sidual contaminants afterthey have been used, has
been and will continue to be an important compo-
nent of the strategy. In recognizing this, the task
force is not equivocating in its view that persistent
toxic substances should not be released into the
environment in any amount,and that treatment be
resorted to only when no other option exists. Even
where treatment and control are a practical neces—
sity, zero discharge should be strived for as a goal.
PERSISTENT TOXIC SUBSTANCE
 
Article I of the Agreement defines toxic sub-
stance as one:"which can cause death, disease,
behavioural abnormalities, cancer, genetic muta-
tions, physiological or reproductive malfunctions
or physical deformities in any organism or its
offspring, or which can become poisonous after
concentration in the foodchain, or in combination
with other substances. "
In Annex 12, persistent toxic substances is
defined as: "any toxic substance with a half-life in
water of greater than eight weeks. "
Half-life is defined as:"the time required for
the concentration of a substance to diminish to
one-half of its original value in a lake or water
body. "
The definition of persistent toxic substance is
incomplete, yet itis probablythe most important of
the three terms because it prescribes which chemi-
cals should be completely eliminated from all dis-
charges, and which may be subjected to less strin-
gent controls.
For the purpose of this interim report, persis-
tent toxic substances refers to all toxic substances
with a half-life in any medium -— water, air, sedi-
ment, soil, or biota -- of greater than eight weeks.
It has been suggested that persistent toxic
substance bedefined to include only those sub-
stances with the potential to bioaccumulate in the
ecosystem, primarily in the tissue ofliving organ-
isms. The task force believes that those substances
that bioaccumulate (including those that may com-
bine with other chemicals and then bioaccumulate)
should receive first priority, but there may be other
valid criteria to consider in the definition.
Some metals (such as iron) though "persis-
tent" according to the definition in Annex 12, should
not be subject to the same stringent regulatory
policies as other bioaccumulative persistent toxic
substances. However, other metals (notably mer—
cury and lead), because of their potential to
bioaccumulate after combining in the ecosystem
with other substances (methylation), must be in-
cluded in the definition of persistent toxic sub-
stance.
The task force will continue to review the
definition of persistent toxic substance and will
offer advice for refinement in its final report.
15
  
FIGURE I
 
DECISION MAKING PROCESS FOR VIRTUAL ELIMINATION OF PERSISTENT
TOXIC SUBSTANCES WHICH ARE CURRENTLY CAUSING KNOWN
INJURY TO THE ECOSYSTEM
 
Establish
agreed to
terminology
(definitions)
and
principles
  
CHEMICAL/EFFECT SPECIFIC
/
\
Identify
Def
ine
des
ire
d
lde
mif
y
ex
is
te
nc
e
of
pri
ori
tiz
e
en
d p
om
t
  
Evaluate
Monitor impact
bl
I
from
351:?3
solutions and
Implfemegt
0f preterred
yes
Ma'nta'n
pro
ems
—>
PTSS
remediation/
—
>
_.>
select
pre erre
—
>
30mm” 0”
_>
ecosyStem
as a
of concern
prevention
0" may
preferred
SOIUI'On
environment
“93”” 0f
(state of well
cause
-I
.
option
all PTS s
belng)
problem
    
integrity
and economy
          
No
Define
performance
indicators
PTS: persistent toxic substance
 PRIORITIZATION OF CHEMICAL
SUBSTANCES
Approximately 100,000 chemicals are in
use. These substances are not all created equal.
The nature and extent of the response or action
required, as part of a virtual elimination strategy,
depends on the nature and the extent of the threat
that a substance poses.
Numerousdetailed assessment procedures
developed in Canada, the United States, and else-
where worldwide identify those substances which
pose a threat and rank them according to the nature
and extent of that threat. The procedures used to
evaluate the threat of chemicals to humans and to
theenvironmentusuallyincludeinformation about:
- Quantities produced or used.
- Presence and behaviour in the environment,
including persistence and bioaccumulation.
- Chemical properties.
-Toxicologica| data, i.e. acute lethality, suble—
thal effects, teratogenicity, genotoxicity, mutage—
nicity, and carcinogenicity.
- Exposure potential.
To a greater or lesser extent, quantitative
information can be developed forthese criteria and,
if the information base is incomplete, predictive
technologies used. In addition, subjective factors,
such as societal costs and economics, are also
important criteria and should be considered.
Many lists of substances of concern have
been produced. Examples relevant to the Great
Lakes include the Michigan Critical Materials Reg-
ister; U.S. EPA's Priority Pollutant List; the 1986
Working List of [362] Chemicals in the Great Lakes
Basin, published as an annex to the 1987 Report of
the Great Lakes Water Quality Board; and the three
lists developed by the United States and Canada to
meet the requirements of Annex 1 of the amended
Agreement. The task force notes a diversity of
opinions used in the development of such lists,
including:
- Which selection criteria, or types of informa-
tion to use.
- The critical or threshold values associated
with these criteria.
-The relativeimportance ofthecriteria,e.g.do
they carry equal weight?
Which criteria, their relative importance, and
critical values are key factors in determining which
substances are orare notselected,and ranking their
importance for subsequent action. Firm guidelines
are required. The task force believes that
bioaccumulation, as expressed by the
bioconcentration factor (BCF) or the octanol-water
partition coefficient (log Kow), is one of the more
importantcriteria to useto determineinitiallywhich
substances are of concern. The task force notes that
a BCF2100 was used to identify chemicals as part of
the Niagara River Toxics Management Plan.
Nevertheless, by whatever procedure and
for whatever purpose, the important point is that a
numberofchemicals have beenidentified as posing
a threat to the ecosystem and that action is required.
As noted in Table 2, certain chemicals are respon-
sible for specific effects in birds, fish, and other
living creatures.
For its initial consideration, the task force
focused on the 1 1 Critical Pollutants identified bythe
Commission's Water Quality Board in 1985 (see
Table 3). All 11 substances cause detrimental ef-
fects on biota and/or human health, and all are
subject to regulation. However, levels of these
contaminants continue to be elevated in the ecosys-
tem. Thus, the 11 Critical Pollutants are ideal
candidates to determine why environmental levels
remain elevated, and whether additional actions
can be taken to virtually eliminate inputs. The
findings should be applicable to a larger universe of
substances of concern.
In order to focus a virtual elimination strat-
egy on the correct chemicals, governments, indus-
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 try, and other stakeholders must develop and apply
# a uniform procedure to identify and rank persistent
toxic substances of concern. The task force will
further develop the framework for selection criteria
and incorporate this into its final report.
TABLE 3
CRITICAL POLLUTANTS IDENTIFIED BY THE
WATER QUALITY BOARD
SOURCES
  
- Total polychlorinated biphenyls (PCB)
- DDT and metabolites
- Dieldrin
- Toxaphene
- 2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD)
- 2,3,7,8-tetrachlorodibenzofuran (2,3,7,8—TCDF)
- Mirex
, - Mercury
l - Alkylated lead
' - Benzo(alpyrene
- Hexachlorobenzene
  
A workable strategy to eliminate inputs of
persistent toxic substances must recognize that
there are a variety of sources. If these sources can
be reduced or eliminated, ecosystem concentra—
tions will, in turn, be reduced. Recognizing that any
classification of sources is somewhat arbitrary, the
task force has examined eight source categories
(Table 4). These fall into two general groups: point
and nonpoint sources. This categorization is useful
since prevention, remediation, and treatment can
differ for the different source categories.
The task force is examining the availability of
loading information for selected persistent toxic
substances for the entire Great Lakes basin and for
individual lakes. The task force concludes that:
- Source information is inadequate. Approxi-
mate loadings can be estimated only for lead and
PCBs; for most other persistent toxic substances,
information about sources and quantities entering
the ecosystem is fragmentary or nonexistent. No
comprehensive, binational program exists toiden-
tify and quantify the magnitude andthe location of
sources.
- Even when information is available, its use—
fulness often is limited. For example, atmospheric
deposition is a major route by which PCBs and
mercury enter the Great Lakes, from both local and
dista nt sources. Sources of PCBs to the atmosphere
include evaporation from spills, landfills, and con-
taminated soil; leaks and losses from equipment
still in service;fue| combustion; and waste incinera-
tion. Even if the percentage lost through evapora-
tion and leaks is small, the total quantity can be
large. For example, 640,000 tons of PCB were man—
ufactured in the United States and 43,000 tons used
in Canada. Ofthose totals, 54% of the PCBs are still
in use in the United States and 52% in Canada; 21%
are buried in landfills in the United States and 16%
are in storage in Canada. However, specific infor-
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mation about actual sources and quantities emitted
to the atmosphere is not available.
- An effective source reconciliation effort must
completely assess how society produces, uses, and
disposes of persistent toxic substances.
The task force suggests that a virtual elimina-
tion strategy will be most effective when better
information is available for specific sources and
loadings, and when the ability to relate present and
future loading information to concentrations
throughout the entire ecosystem is improved.
TABLE 4
SOURCES OF PERSISTENT TOXIC SUBSTANCES
 
- Municipal point sources.
0 Industrial point sources.
- Surface runoff.
- Combined sewer overflows, storm sewers, and treatment plant by-passes.
- Emissions to the atmosphere. Sources may be small or large, mobile or stationary.
Examples include incineration, wood stoves, fireplaces, barbecues, releases from
landfills, industrial stack emissions, electrical generating stations, cars and trucks,
pesticide sprays, and contaminated soil. Pollutants also may be formed through
chemical/photochemical reaction in the atmosphere.
0 Contaminated sediment.
- Groundwater (including sources of contaminants to groundwater and contaminant inputs
from groundwater to surface waters).
- Spills from ships and shore-based facilities.
  
PROGRAM ELEMENTS OF A GENERAL
STRATEGY
 
The program elements ofa general virtual
elimination strategy include:
- Actions specific to anticipate and prevent
persistent toxic substances from entering the eco-
system. Essentially, this is the zero input route, the
"bottom line" ofvirtual elimination and the philoso-
phy of zero discharge. The intent is to reduce or
deny entry of a persistent toxic substance into the
ecosystem by banning its manufacture, produc—
tion, use, and disposal under any circumstances.
0 Action specific to remediation that fo-
cuses on cleanup aftercontamination has occurred.
- Communication and education.
- Economic and societal incentives.
Zero input should be the first and foremost
priority, since it is far easier and more cost effective
to avoid a problem or a potential problem than to
react after its manifestation. Remediation is also
necessary but is not sufficient to protect ecosystem
integrity. It is not possible to completely remove
a persistent toxic substance, once that substance
has entered the ecosystem.
A subcomponent of actions related to pre-
vention is measures to treat and control sources of
persistenttoxic substances. Treatment and control
focuses on denying entry of a persistent toxic
substance into the ecosystem after that substance
has been produced or used. Although necessary,
measures to treat and control are not sufficient to
protect ecosystem integrity or to achieve virtual
elimination. It may not be possible to completely
remove a persistent toxic substance from a source,
once that substance has been produced. There—
fore, measures to treat and control should be
considered as intermediate or interim, en route to
zero input.
ELEMENTS SPECIFIC TO ZERO INPUT
 
Annex 12 of the Agreement outlines a key
aspect of the virtual elimination strategy: "the
philosophy adopted for control of inputs of persis-
tent toxic substances shall be zero discharge." In
the task force's interpretation, zero discharge ap-
plies to all new and existing sources and pathways
by which persistent toxic substances can enter the
Great Lakes. The idea, simply put, is to stop present
inputs and prevent future inputs for those sub-
stances identified as persistent and toxic.
Table 5 lists actions specific to a zero input
track. These actions fall into two broad categories:
pollution prevention and phaseout.
Pollution Prevention
The focus is on reducing the quantity pro—
duced or used. Techniques differ by sector. For
example, forthe industrial sector, pollution preven—
tion includes process change or modification, raw
material substitution, product reformulation or re-
placement, and good housekeeping. For the agri—
cultural sector, it may mean different practices and
alternatives to chemicals for pest management. All
sources'and pathways must be included.
Phase Out
While pollution prevention addresses fu-
ture and current discharges, a systematic process is
needed to phase out those persistent toxic sub—
stances now in use that are so injurious that any
entry into, or presence in the ecosystem, is unac—
ceptable. It is also necessary to prevent the produc—
tion of new chemicals which have similarcharacter-
istics. Thus, to the task force, the term zero dis—
charge meansthatsome persistenttoxic substances
may have to be restricted, phased out, and eventu-
ally banned from use, manufacture, generation,
and discharge to the Great Lakes Basin Ecosystem.
This process issometimes referred to as "sunsetting."
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 TABLE 5
ACTIONS SPECIFIC T0 ZERO INPUT
 
POLLUTION PREVENTION.
To reduce the generation and use of a persistent toxic substance,
through:
- Bans and sunsetting.
- Process change or modification, including closed loop systems.
- Raw material substitution.
- Product reformulation.
- Screening new chemicals.
- Voluntary or mandated withdrawal of substances from production and use.
- Application of economic and other incentives.
- Restricting or freezing production, use, and disposal in such a way that the risk, threat,
or burden is not shifted from one segment -- workers, consumers, or environ-
ment -- to another.
° "Clean sweep" programs to retrieve chemicals.
 
Other Actions
in reality, time is required to sunset all persistent
toxic substances and for the pollution process to
work. Therefore, treatment and control actions are
necessary
in some circumstances,
and can be
ap-
plied as intermediate or interim measures, en route
to
achieving
zero
input. Treatment
and
control
should focus on intercepting or capturing the per—
sistent toxic substance, once it has been produced
or used,
but
before
it can
enter the ecosystem.
However,
once produced, zero discharge, that is,
complete removal
of a substance of a substance
from a waste
stream, is not possible. Technology
can
be
applied
to treat and
control
point source
discharges, air emissions,
and
nonpoint
sources.
Table
6
lists specific actions
to
treat
and
control
these sources. For someless hazardous substances,
application
of
treatment
and
control
technology
may be sufficient.
ELEMENTS SPECIFIC TO REMEDIAT/ON
 
Remediation focuses on cleanup of con-
tamination from historic releases and inplace pol—
lutants, including contaminated sediment, ground-
water, and waste disposal sites (see Table 7). Tech—
nology is an essential tool, butthere are limits to our
ability to remove contaminants once in the ecosys-
tem. Thus,there area number of research needs, as
well
as a need to focus on prevention, as discussed
above.
Remedial
action
plans represent
a poten-
tially useful
mechanism
to identify cleanup needed
and
to achieve
the virtual elimination goal; in fact,
Annex 2 ofthe amended Agreement recognizes the
connection. Similarly, lakewide management plans,
point source impact zones, and watershed manage—
ment
plans,
also
Agreement
requirements,
offer
opportunities
to virtually eliminate
inputs
of spe-
cific
pollutants.
The
report,
A
Prescription
for
Healthy GreatLakes, prepared by the National Wild-
life Federation and
the Canadian institute for Envi-
ronmental
Law
and Policy (NWF/CIELAP), presents
a cleanup strategy that could
serve
as a model
for
lakewide management plans.
TABLE 6
ACTIONS
SPECIFIC TO
TREATMENTAND
CONTROL
 
ecosystem through:
systems.
- Double hulls for tankers.
the toxicity of waste, or both.... "
 
- Materials substitution and process change.
- Identification of incremental load reductions.
' Enforcement of existing legislation and regulations, and levying appropriate penalties.
- Reduction and elimination of point source impact zones.
Once a persistent toxic substance has been produced or used, reduce the amount released to the
0 Best available treatment technology applied to direct discharges.
- Best available treatment technology (pretreatment) applied to indirect discharges in municipal
- Best available control technology applied to air emissions.
- ln-plant chemical separation and water conservation.
- Best management practices applied to nonpoint sources.
- Secondary containment for chemical storage tanks.
- Storage and holding in sewer systems to avoid overflows.
- Waste reduction, recycling, and reclamation, either voluntary or mandatory.*
*
The amended Agreement calls for "reduction in the generation of persistent toxic sub-
stances, either through reduction of the total volume or quantity of waste or through the reduction of
TABLE 7
ACTIONS SPECIFIC TO REMEDIATION
AND CLEANUP
COMMUNICA TION AND EDUCATION
 
- Isolation, thermal destruction, bioremediation,
and/or carbon
- adsorption for onsite groundwater and soil
decontamination.
° Spill control and countermeasure plans.
- Sediment removal and destruction.
- "Good housekeeping" practices.
 
- In situ sediment decontamination or stabilization.
 
For successful development and imple-
mentation of a virtual elimination strategy, the
need for action must be understood and supported.
Communication of information and educational
programs can assist in bringing about the societal
change essential to significantly reduce the con-
taminant levels in the ecosystem and to eliminate
the effects on biota, including humans. An example
illustrates this need.
Surveillance and monitoring data indicate
that ecosystem concentrations of many persistent
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 toxicsubstances, aftersignificant reductions during
the 19705 and early 19803, have plateaued at what
are considered unacceptably elevated levels. PCB is
one such contaminant. Manufacture was termi-
nated in the 1970s, but PCBs continued to be used.
Measures were not implemented at that time to
destroy existing stocks, although the means ex-
isted.
Consequently, losses of PCBs from existing
uses, from storage facilities, and as a result of
improper disposal practices all appearto be contrib-
uting to maintain elevated ecosystem concentra—
tions.
Why was there an incomplete response to
the issue?
For a variety of reasons, some solutions
have been opposed, e.g. hazardous waste incinera-
tors. However, by not taking action to reach a
permanent solution, a problem is not solved but,
rather, is exacerbated and drawn out, with potential
long-term economic, environmental, and societal
impacts that could be greater than if timely and
definitive action had been taken.
Communication and education ofall stake-
holders will increase public involvement and create
an informed constituency. This will lead to under-
standing about priorities and aspirations, and will
help to reach consensus on the nature and extent of
the actions to be taken. As public involvement
increases .and attitudes are shaped, political and
organizational will are generated, further guiding
decisionmaking and further driving implementa-
tion ofthe strategy. Public participation and educa-
tion create and sustain accountability for cleanup
and prevention on the part of all concerned.
Communication and education opportuni—
ties can be developed through:
- Educational institutions (elementary, sec-
ondary, university)
- Environmental organizations
- Industry, trade associations, and corpo-
rate communications.
- Labour unions
° Service and cultural organizations
- News media
To ensure public involvement in
decisionmaking, information must be shared, and it
must be easily acquired and understood.
SOCIETAL FACTORS AND ECONOMIC
INCENTIVES
 
Several societal factors and economic instru-
ments can contribute to a virtual elimination strategy.
These are under investigation by the task force, as
described later in this report.
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CURRENT INITIATIVES TOWARD VIRTUAL
ELIMINATION
SUCCESSFUL IMPLEMENTATION OF THE
STRATEGY
 
As noted earlier, many initiatives and ac-
tions have been undertaken that constitute steps
toward achieving virtual elimination but, in and of
themselves, do not constitute a virtual elimination
strategy. By developing a comprehensive strategy,
the task force hopes to provide a framework and
context within which these many activities can be
viewed. Collectively, these diverse activities con-
tribute to achieving the virtual elimination goal.
Examples of current measures include:
- Government initiatives, e.g. Ontario's
Municipal-IndustrialStrategyforAbatement(MISA),
New York's antidegradation rules to protect high
qualitywater,Canada'sGreen Plan,the U.S. NPDES
program, and U.S. EPA's Great Lakes Initiative to
develop uniform waterquality standards and pollu-
tion control technologies.
° Industry and business initiatives, e.g. the
Responsible Care Codes of Practice ofthe Canadian
Chemical Producers' Association.
- Citizen initiatives, e.g. the NWF/CIELAP
report, A Prescription for Healthy Great Lakes.
As deseribed above, considerable progress
has been achieved, but the virtual elimination goal
has not been reached, nor is it likely to be achieved
without reorientation of programs and priorities.
The task force has considered factors necessary for
effective development and implementation of the
virtual elimination strategy. The task force believes
that a strong regulatory approach, mixed with vol-
untarily negotiated consensus, is needed. Together,
these will create more political will and institutional
support for reaching the virtual elimination goal.
The regulatory approach is a continuation
of the traditional way of doing business. The task
force believes that this approach can be stream-
lined, particularly in administration and manage-
ment, so that more time and resources are focused
directly on cleanup and pollution prevention, rather
than on bureaucracy. In addition, changes to the
legal framework may be appropriate, so time and
resources are not unnecessarily consumed through
costly and protracted litigation.
The regulatory approach must be comple-
mented by an arrangement that utilizes open dia-
logue, consultation, coordination, planning, and
negotiation among all stakeholders -- government,
business, industry, environmental advocates, and
others -- at each and every step of the process. This
will lead to further understanding and voluntary
agreement about what needs to be done and en-
hance commitment to action.
Dialogue and consultation are particularly
important with regard to:
- Establishing priorities: which chemicals,
which sources, which actions, and how quickly.
- Goals and objectives, i.e. the desired state
of well-being.
- The nature, extent, and timing of the
actions to be taken.
- Cost and funding.
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 Along with its recommendations, the task
force provides additional insight into some funda-
mental issues that must be faced and resolved to
achieve the virtual elimination goal.
PART III -
TOOLS FOR IMPLEMENTING
THE STRATEGY
EVALUATION OF EXISTING TOOLS
 
In our quest to achieve the Agreement's
virtual elimination goal, three questions can be
posed:
- To what do we attribute past success to
reduce ecosystem concentrations of persistent toxic
substances?
- Why has success been limited?
- What is required to achieve further reduc—
tions in ecosystem concentrations and to virtually
eliminate inputs?
Three key factors contribute to successful
development and implementation of the strategy:
legislation, technology, and economics. Therefore,
the task force, with the assistance of consultants,
evaluated legislative and regulatory opportunities,
technological opportunities,and selected economic
implications to answer these questions. The mate-
rial presented below represents the task force‘s
preliminary findings. These areas will be subject to
further investigation.
LEGISLATIVE AND POLICY OPPORTUNITIES
The task force examined the Canadian and
United States legislative and policy framework sup-
porting the implementation ofvirtual elimination in
the Great Lakes basin.
Legal Basis to Virtually Eliminate the Input of Per-
sistent Toxic Substances
Under the federal laws of both the United
States and Canada, legislative authority does exist
to address the life cycles ofchemicals. For example,
both the Canadian Environmental Protection Act
and the US. Toxic Substances Control Act clearly
provide the authority to ban, phase out, restrict
uses, and provide advice to manage toxic chemi-
cals. In addition, each country has a variety of
statutes ranging from transportation to workplace
safety. At the federal level, therefore, the question
does not seem to be one of legal authority, but one
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 ofthe of reluctance ofgovernments to exercise this
authority and fully implement the intent of those
laws. In both Canada andthe United States, several
groups compounds (e.g. DDT, PCBs, chlorofluoro—
carbons, and halons) have been subjected to a
partial ban or phaseout; however, this appears to
be in response to significant public concern rather
than to a systematic review process.
Overall, since the mid-1970s, only a few
chemicals have been banned in Canada and the
United States, and there are even fewer "complete"
bans. For example, the manufacture of PCBs is
banned, although their use is still allowed in closed
systems such as transformers. The use of DDT is
largely banned, although manufacture and export
activities are still carried on in the United States.
The task force recognizes the progress
made to date, and the contributions of the present
regulatory regime, to reduce contaminant load-
ings. However, enhanced effort is needed- to deal
with persistent toxic substances. Considerable
legal authority exists in both countries to virtually
eliminate the input of persistent toxic substances
through the imposition of strict controls, bans,
phaseouts and other limits on specific chemicals
and industrial processes. However, in both coun-
tries, a systematic and comprehensive approach
has not yet been developed to prevent the use,
generation and discharge of persistent toxic sub-
stances.
Gaps in the Present Regulatory Framework and
Proposed Reforms
Similar gaps have been identified in both
the United States and Canada. These general
weaknesses can be categorized as follows.
Gaps in Addressing Certain Pathways or Receptors
-Comprehensive assessmentofallsources.
- Urban and agricultural runoff and other
nonpoint sources.
- Prevention ofthe use of persistent agricul-
tural pesticides.
- Contaminated sediment re-activation.
Gaps in receptors include:
- Protection of groundwater.
- Sensitive populations of wildlife and hu-
mans.
Gaps Arising from Jurisdictional Diversity
 
In Canada,oneofthe majoridentified prob—
lems isthe factthat, since two levels ofgovernment
have different and concurrent powers over the
environment, it is difficult at the best of times to
determine who has authority to do what. This
problem has led to a patchwork oflaws, an inconsis-
tent enforcement regime, and a confused regula-
tory approach. The most appropriate question is:
"Who's minding the store?"
Gaps Arising from the Lack ofa Muiti—Media
Approach
Gaps also arise among the various laws,
agencies and other institutions governing each
medium. Laws governing air, water and wastes are
developed independently and in an isolated fash-
ion. This media-specific approach has led to incon—
sistencies among the standards governing a single
chemical, gaps in coverage, and different bases or
criteria for regulation.
The Failure of the "Acceptable" Level of Pollution
Approach
A number of pathways and receptors have
not been taken into account in a comprehensive
way by the regulatory system. For example, gaps
in pathways include:
Because many environmental protection
statutes governing the Great Lakes have their ori-
gins in the 1960s and 19708, they are based on the
“pollution control" approach. This approach is
based on the notion that all substances have some
"acceptable" level ofdischarge. However,this is not
the case for persistent toxic substances. Hence,
there is little recognition that some chemicals
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should not be used, generated or released at all,
either because of the known effects, or the lack of
any data on the potential impacts ofthe substance.
In addition, environmental protection statutes ap-
proach chemicals one at a time, and action is taken
only after damage has occurred.
Reform or Reapplication of theReguIatory Frame-
work and New Legislative Directions
TECHNOLOGICAL OPPORTUNITIES
  
In the same way thatthere are similar gaps
in the United States and Canadian regulatoryframe-
works, there are also similar reforms required to
improve the ability to virtually eliminate the input
of persistent toxic substances. The directions for
these reforms include:
- Reforms directed to a multi-media focus
in terms of laws, regulations, and institutional
focus.
- Reforms directed toward a pollution pre-
vention approach (as opposed to a pollution control
approach) through the enactment of new laws and
the reauthorization process of existing laws. Some
key elements of a pollution prevention approach
would include whole facility auditing, full-life cycle
of raw materials genesis (materials use policies),
and product stewardship.
- Reforms to ensure that the burden of
proof rests with those who propose deleterious
activities, such that they have the onus to demon-
strate that those activities are not harmful to the
environment.
- Development of a comprehensive and
systematic process to ban chemicals, processes or
products that use, generate or release the most
injurious persistent toxic substances.
- Goals, objectives and limits to reduce the
overall use and release to all media from all sources
of toxic chemicals.
Thetaskforce identified and evaluated tech-
nological opportunities. There are three facets to
technology:
- Remedialmode. Development and appli-
cation to clean up past contamination.
- Treatment mode. Development and ap-
plication to control and reduce inputs through end-
of—pipe controls.
~Zeroinputmode. Development and appli-
cation to control and reduce present inputs through
fundamental changes to production processes, raw
materials substitution, product reformulation, and
alternatives to use of chemicals.
Technology and Pollution Prevention
Thus far, environmental protection efforts
undertaken by government and industry have fit
primarilywithinthe"treatmentmode." However,as
noted earlier, these efforts, while necessary, are not
sufficient to achieve virtual elimination. Therefore,
it is time to move to prevention, the "zero input
mode," for persistent toxic substances. This means
moving from an end-of—pipe technology focus, to-
ward the front end, to technology that develops and
applies substitute substances, materials, processes
and products- In studying prevention technology
associated with zero input, two components must
be considered initially:
- An assessment of planning processes to
prevent pollution through reduction and eventual
elimination in the use of persistent toxic substances,
for instance, through process modification or raw
material substitution.
~ Research into opportunities and methods
for specific industries to prevent pollution by this
means.
A“ stakeholders, including the specific in-
stitutes and industries, must participate in these
 
studies since they more than anyone else under-
stand the systems they operate. Technological
opportunities are in many cases site specific and
may not lend themselves to broad general ap-
proaches. In the end, technology is one more tool
in a successful virtual elimination strategy.
For practical reasons, the continued use or
controlled release of a persistent toxic substance
may be unavoidable. While technology may not
achieve virtual elimination, its application should
nevertheless be encouraged to continually reduce
uses and releases of the substance to the ecosys-
tem. As technology improves and as more im-
provementbecomeseconomicallyachievable,stan-
dards for the required degree of removal will be-
come ever more stringent, and substitutes may
become moreviableuntilsuch timethatthechemi-
cal has been sunsetted.
The task force intends to evaluate tech—
nologies associated with zero input.
PCB Case Study
 
With the assistance of a consultant, the
taskforce evaluated technologies to remediate and
treat contaminants, using PCB as an illustrative
example. Technological opportunities could help
achieve the goal to virtually eliminate inputs of
PCBs to the Great Lakes Basin Ecosystem for four
areas: sediment and soil remediation, industrial
sources, groundwater and subsurface contamina-
tion, and spills.
Technological opportunities exist to elimi-
nate PCB inputsto the Great Lakes Basin Ecosystem
from spills and other emissions from PCBs in use
and in storage. Opportunitiesalso existtosubstan-
tially reduce inputs from industrial wastewaters,
either directly to the basin or indirectly through
municipal sewage treatment plants, from ground-
water sources, and from contaminated sediments
and soils.
Remediation and treatment technologies
to achieve these goals are proven for PCB liquids
and solids, industrial wastewater, and groundwa-
ter. Proven but expensive technologies are also
available to treat PCB-contaminated soil, and less
expensive technologies are in the developmental
stage. Technologies to treat PCB-contaminated
sediment have not been demonstratedat a large
scale and are considered emerging. Technologies
to treat subsurface contamination will require con-
siderable research and, in some cases, removal or
treatment may not be technically feasible.
Technological methods cannot directly re-
duce the PCB loading to the Great Lakes basin from
atmospheric deposition except through treatment
and disposal of sources such as PCB in use and
storage and treatment of soils contaminated with
the chemical. Sincethe contribution ofthesesources
to the atmospheric load of PCB is unknown, the
effect of these activities cannot be estimated.
Because PCB removal from sediment,
groundwater, and the atmosphere is difficult and
expensive, emphasis should be placed on preven—
tion, i.e. removal of PCB from use and elimination of
stocks in storage, rather than waiting for a problem
to arise. Although opportunities exist, technology
has not been applied to the extent possible because
of societal reluctance and lack of political will.
Consequently, large quantities ofPCB that could be
destroyed continue in use or are placed in storage.
- There is evidence of PCB loss via volatil~
ization from transformers.
- Only a miniscule percentage ofthe PCB in
storage would have to escape (leakage and spills) to
account for the atmospheric "background" level
over North America.
Until removal from use and destruction are
required on a global basis,the PCB background level
will persist in the atmosphere, as well as in water
and fish.
    
 
  
   
  
  
   
  
  
 
There is a lack of data regarding the mass
loadings of PCB to the Great Lakes Basin Ecosystem
from the various contributing source categories.
The same conclusion applies to all other persistent
toxic substances. When better information on
loadings and sources becomes available, it will
then be possible to determine the load reduction
which could be achieved through the application of
technology. Without such information, it is not
possible to estimate the cost to reduce loadings
through the application of technology, nor is it
possible to establish any priority forthe application
of technologies to the most important source cat-
egories to achieve the most cost effective loading
reduction. it is critical to virtual elimination strat-
egy developmentthat better source loading data be
generated for persistent toxic substances.
ECONOMIC CONSIDERATIONS
The task force also investigated the poten-
tial usefulness of economic instruments or incen-
tives to help achieve zero discharge and virtual
elimination of the input of persistent toxic sub-
stances to the Great Lakes Basin Ecosystem. Eco-
nomic instruments or incentives are hardly used in
environmental regulations, but their application to
pollution prevention issues, including the problem
to virtually eliminate the input of persistent toxic
substances, is under consideration. The task force
concludes that economic instruments can play a
useful complementary role, in conjunction with
other elements of a virtual elimination strategy.
Properly applied, they can help' lever the market
system toward a structure that will encourage
virtual elimination.
There are many kinds of economic instru—
ments and incentives. One major form, the so-
called "green taxes," may encompass a variety of
taxes, levies, and charges including deposit/refund
  
schemes, effluent charges, user fees, product
charges, toxic commodity taxes, administrative
charges, waste treatment pricing policies, and dif-
ferential tax treatment.
"Tax-like" incentives mustbe properly struc-
tured and comprehensively applied to include all
steps of production, distribution, use, and disposal.
A comprehensive incentive or taxing structure will
begin to move relative prices toward an adequate
accounting of the environmental and economic
consequences of persistent toxic substances. The
revenues generated should be applied to prevention
and remediation efforts and to sustain public sup-
port. A significant price effect or market incentive
will encourage pollution prevention, research and
developmentfor substitutes, and generate revenues
for remediation and protection activities. In cases
where sunsets are implemented, the taxing instru-
ment can be used to capture any price increases that
may be created by the phaseout process (e.g. the
United States tax on chlorofluorocarbons).
Other possible instruments include finan-
cial enforcement incentives, a superfund, subsidies
or financial incentives (toxic tax revenues used to
encourage destruction of stored substances, re—
search and development, and phaseout),favourable
loan terms (e.g. green bonds), and grants.
The task force emphasized a select few
incentives (such as effluent charges and taxes) for
their application to PCB, mercury, and chlorine-
These have a generic application to other sub—
stances and a range of economic sectors.
Economic Incentives and P085
PCBs are no longer manufactured, but they
 
are stillwidely usedin the United States and Canada.
Considerable quantities are in st0rage or in waste
disposal sites, and significant amounts are in the
Great Lakes environment, and the sediment in par—
ticular. Economic instruments can play a role to
30
 achieve virtual elimination of PCBs, including:
- Taxes on PCB storage can provide incen-
tive fortheir destruction. Offsetting financial incen-
tives or payments could help pay for this destruc-
tion.
- Taxes on PCBs in use could help acceler-
ate phaseout by encouraging research and devel—
opment of substitutes.
-Economicincentivescouldencouragethe
development ofappropriate and sufficientdestruc-
tion technology.
- Appropriate in situ remediation (e.g. con-
taminated sediment) could also be encouraged in a
variety of ways, including polluter pays taxes to a
superfund, green bonds, and a natural resource
amenity tax to capture some of the development
windfall in restored areas.
- Incentives such as effluent fees on dis-
charges and tradeable permits on PCBs presently in
use may also be effective. Regulations would
gradually reduce the allowable quantity of trade-
able discharges. Alternatively, the amount of PCBs
allowed in use, together with equivalent tradeable
permits, would be limited with a predefined sched-
ule declining to zero over time.
Economic Instruments and Mercury
Mercury, which occurs naturally, is usually
not readily available to the food chain because of its
form and location. However, anthropogenic use
and release greatly increase its availability. Many
uses can be curtailed or eliminated, but thepracti-
cal reality is that some sources (6.9. from fossil fuel
combustion) cannot be phased out in any practical
timeframe. Economic instruments may helpaccel-
erate elimination toward the zero target, to reduce
the use of mercury and mercury-containing prod-
ucts to the absolute minimum.
- To stop the production and use of mer-
cury, taxes could be levied on its production. This
would partially recover damages and encourage
pollution prevention through substitution. Also,
taxes could be levied on intermediate and final
products containing mercury, as well as on manu—
facturing activities that use mercury. Revenues
generated could be used forcleanup, rehabilitation,
and development of substitutes.
-To encourage life-cycle management and
the development of substitutes, a deposit/refund
system could apply to all final or intermediate
products containing mercury, and all products us-
ing mercury in their manufacture.
- An effluent charge could be levied on
electric utilities, smelters, and incinerators. Rev-
enues could be used for remedial action (e.g. con-
taminated sediment), protection, and development
of substitutes.
- Incentives could be provided for con-
sumer information, education and awareness rais—
ing programs to influence demand for alternative
products.
Economic Incentives and Chlorine
A major user of chlorine is the pulp and
 
paper industry. A large number of chlorinated
organicchemicals are produced in bleaching opera-
tions, of which only 5—10% of these compounds
have been identified. Some authorities suggest that
the observed toxic effects of pulp and paper efflu-
ents are cumulative, controlled by the sum of the
effects of perhaps 50 individual chemicals. There-
fore, the identification of which specific chemicals
cause specific toxic effects is not generally possible.
Nonetheless, the use of chlorine as a precursor to
theseﬁtlorinated organic substances would pro-
vide a case to eliminate the use of chlorine in the
pulp and paper industry.
Alternative chemicals and substitute pro—
cesses are available, and others are being devel-
oped. Economic incentives could help aid and ﬁnancethe
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 phaseout and changeover.
- implement a tax on chlorine and/or chlo-
rine dioxide. The revenue could be used for envi-
ronmental protection purposes, and would speed
the shift to already existing substitute processes.
- Implement a tax on chlorine bleached or
processed pulp and paper products.
- To implement an orderly and flexible
phaseout ofchlorine use, institute a specified sched-
ule of reductions to the sunset zero.
- Institute an effluent charge, based on an
appropriate measure ofthe quantity of chlorinated
organic material in the mill effluent.
- Financial enforcement incentives (such
as noncompliance fees and performance bonds)
could support regulations for such chlorine-pro-
duced by-products as 2,3,7,8-TCDD and 2,3,7,8-
TCDF.
- Governments can influence demand for
nonchlorinated paper products, through purchas-
ing policies, as well as public information and
education.
Additional Needs
The task force concludes that economic
incentives areneeded and will be successful, if
properly applied. Concurrently, other needs in-
clude:
- Develop an implementation framework
that realizes a holistic approach to the tax base and
treats all persistent toxic substances equitably.
' Identify what the "right price" means in
terms of encouraging virtual elimination. This
includes prevention and remediation costs and
environmental damages. Also needed are targets
and timelines to evaluate progress.
- More information on production, use,
generation, distribution, releases, and sources to
better target and prioritize the initiative, and to
determine the appropriate tax levels and financial
incentives for protection and remediation.
- Focus on prevention -- the front end of
processes.
- A comparative analysis of economic in—
struments/incentives and regulatory programs
needs, to assess the most cost-effective way to
achieve policy initiatives, and to assess the eco-
nomic and social cost ofachieving the virtual elimi-
nation goal.
 
32
 MEASURES OF SUCCESS
The ultimate goal is to obtain and maintain
a Great Lakes environment within which aquatic
organisms, and those that feed on those organ-
isms, including humans, are no longer affected by
persistent toxic substances.
Thus, significant milestones leading to the
achievement of this goal must be identified, as-
sessed, and incorporated into the elements of the
virtual elimination strategy.
The Virtual Elimination Task Force identi-
fied four reasons for using indicators as measures
of success:
- To evaluate and monitor progress.
-To demonstratethatvirtual elimination of
inputs of persistent toxic substances has been
achieved.
- To demonstrate that ecosystem health
has been restored.
0 To act as sentinels for long-term protec—
tion from persistent toxic substances.
The selection of appropriate indicators for
a virtual elimination strategy is a difficult task. The
relative responsiveness and sensitivity of the se-
lected indicators to various persistent toxic sub—
stances must be evaluated, over a range of concen-
trations in the environment and over a long-term
period. In this report, representative indicators
have been selected and applied to monitor the
effects of persistent toxic substances at the organ-
ism, population, community and ecosystem levels.
INVENTORY DATA: PRODUCTION, USE,
RELEASEAND DISPOSAL
In the short term, emphasis should be
placed on gathering information about the quanti-
ties of chemicals produced, used, released, and
disposed of, to provide a benchmark to reduce
loadings to the ecosystem and to reduce the quan—
tity ofwaste produced. This information will moni—
tor progress toward achieving the virtual elimina-
tion goal. Specifically, release data should include
quantitative information about aqueous discharges
and atmospheric emissions. The production and
use inventory should include information aboutthe
method of disposal and the quantities involved.
Release or loading data also can be correlated with
concentrations observed in the ecosystem, which
can be used to estimate the time required to achieve
a change in ecosystem concentration, in response
to a load reduction.
PHYSICAL AND CHEMICAL MEASUREMENTS
 
The environmental samples that provide
the most useful information are sediments, fish and
benthic organisms. Persistent toxic substances
accumulate in sedimentand in fish to several orders
of magnitude greaterthan in water. Benthic samples
can be used to assess bioavailability of contami-
nantsfrom sediment. Benthic organisms also serve
as a source of food -- and contaminants -- for other
species higher in the food chain.
Chemicalcontaminantlevels and the physi-
cal conditions in the Great Lakes Basin Ecosystem
have been monitored for several years and should
be continued. However, the monitoring programs
of the various government agencies need to be
more coordinated than at present.
In addition to regular sampling of Great
Lakes water, fish, sediments, and air for analyses,
tissue archiving should be initiated and specimen
banks established as soon as possible. This will
provide historic samples to document changes and
retrospectively determine trends in the Great Lakes
environment, when they do occur.
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 ECOSYSTEM RESTORA T/ON INDICATORS
Selected biological species which are at or
near the top of the food chain are good integrators,
over timeand space, of the relative concentration
and bioavailability of persistent toxic substances.
These species also integrate multiple stresses, in-
teractions of natural and human-made events, and
long— and short-term conditions. Theythus provide
a good measure relevant to ecological or health
risk. However, because these species are at or near
the top of the food chain, they are somewhat
buffered from effects which may occur elsewhere,
earlier, lower in the food chain. Thus, by the time
effects manifest themselves in these top predators,
severe effects would likely have already occurred
elsewhere in the ecosystem. Therefore, these se-
lected biological species are more appropriate for
tracking the degree of recovery from the effects of
historic releases of persistent toxic substances.
Examples of these indicators are:
- Surrogate organisms, which are a strong
indicator of the food web at one or more levels.
Examples are lake trout and the amphipod
Pontoporeia hoyi, both used for Lake Superior and
Lake Michigan; walleye and mayflies are used for
shallow lakes such as Lake Erie.
- Cause-Effect Linkages. Ma ny deleterious
effects on fish and wildlife can be directly corre—
lated with concentrationsofcertain organochlorine
chemicals. Because of the strong cause-effect
association, information about contaminant con-
centrations and the occurrence of these particular
effects can serve as a suitable indicator. Wildlife
may be the most sensitive indicatorspecies; they
also may be more intensively examined, studied,
and lend themselves to cause—effect linkage evalu-
ations. Examples of specific effects and the chemi-
cals responsible are summarized in Table 2.
- Biochemical Markers assess where a
measurable dose-response physiological or bio-
chemical change takes place at the molecular or
cellular level, upon exposure to a persistent toxic
substance. Examples of potentially useful
biomarkers are: thyroid function, hepatic porphy-
rins, hepatic vitamin A, sexual alterations, and
genetic alterations in a variety of fish, birds, and
other species.
LONG-TERM IND/CATOHS
 
In A Prescription for Healthy Great Lakes, a
report prepared by NWF/CIELAP, three indicators of
health were recommended:
- Ability of child-bearing women to eat
Great Lakes fish without impairing development of
their newborn.
- Ability of wildlife to eat Great Lakes fish
without impairment on their reproductive capacity
and other physiological functions.
- Ability of humans to consume Great
Lakes fish without increased cancer risks.
Studies measuring such health status can
be conducted over time to determine if the virtual
elimination strategy goals have been met. Water
quality standards proposed at differenttimeframes
would provide a numerical translation of the vari-
ous chemical and biological measures into more
consistent and accurate yardsticks for measuring»
success.
In the future, the effects of chemicals on
populations, communities and ecosystems will be
complicated by changes in these entities due to
management practices, such as stocking different
fish species, or the numbers of individual fish
stocked, and the effects of land use practices and
invading species. Thus, effects on the ecosystem
will be different and, with continued growth of the
human population and changing societal lifestyles,
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will put demands on the ecosystem, resulting in
changes in the population and the communities
that we know today. Indicators for these changes
should be adopted appropriately.
Problems also have been observed in hu-
man beings. In one particular study, the offspring
of women who ate Lake Michigan fish have shown
some effects. Although there is a need to observe
both youngsters and mothers, too many other
confounding factors exist to unequivocably rely on
subtle effects asindicators to ensure that persistent
toxic substances are not interfering with normal
development.
PART IV -
SUMMARY
CONCLUSIONS AND RECOMMENDATIONS
 
The task force has considered what mea—
sures should be taken now to implement a virtual
elimination strategy, in addition to stakeholder
activities presently underway. Five aspects deserve
particular attention: sunsetting, consultation and
dialogue, funding, sources, and indicators.
SUNSETTING
Candidate Chemicals 7 _V
The Virtual Elimination Task Force con-
cludes that some persistent toxic substances are so
injurious that any entry into, or presence in the
ecosystem, is unacceptable. These chemicals must
be sunset, that is, their manufacture, use, and
disposallincluding release to the Great Lakes Basin
Ecosystem) must be restricted, phased out, and
ultimately banned. However,there is no systematic
process to identify those chemicals that should be
sunset
Therefore, the Virtual Elimination Task
Force recommends that:
1. The Parties establish a "sunset task force" to:
0 Develop criteria to identify chemicals to
be sunset.
- Apply the criteria to develop the list of
sunset chemicals.
Membership on the task force should include
representatives from all major stakeholder groups,
including government, business, industry, research,
and environmental organizations. A mechanism
should be established to ensure public consultation
for all aspects of the task force's work. The sunset
task force should tender 3 final report to the Parties
prior to the Commission's 1993 biennial meeting.
The sunset task force should give initial
consideration to the 362 chemicals identified in the
Water Quality Board's 1986 Working List of Chemi—
cals in the Great Lakes Basin.
Bioaccumulation, as expressed by the
bioconcentration factor (BCF) or the octanoI-water
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partition coefficient, is one of the more important
criteriato useforchemicalselection. In general,the
higher the BCF, the more serious the danger to the
environment. The Niagara River Toxics Manage-
ment Plan used a BCF of 100 and, in their report, A
Prescription for Healthy Great Lakes, NWF/ClELAP
recommended a BCF of 250. The Virtual Elimina—
tion Task Force suggests that substances with a
BCF in this range or greater be considered for
sunsetting.
Timing
 
In some cases, immediate sunsetting is
feasible, for example, because alternatives to the
particular persistenttoxic substance orto a particu-
lar production process are available. However, this
is not always the case. Therefore, a specific time-
table should be established for the phaseout of
targetted persistent toxic substances, which would
allow industry and the research community an
opportunity to develop suitable alternatives. The
timetable should also include benchmarks, includ-
ing quantifiable load, use, and disposal reduction
targets, to demonstrate progress toward complete
phaseout. Phaseout requirements shouldbe incor-
porated into permits for the use and disposal of
substances subject to sunsetting.
The Virtual Elimination Task Force recom-
mends that:
2. The Parties set specific timetables for the phase-
out of all sunset chemicalsnot amenable to an
immediate ban.
The timetable should be set by September
1994, that is, within one year after the sunset task
force has tendered its criteria and the list of sunset
chemicals.
JmmediateArfinn
Notwithstanding the development of se-
 
lection criteria and a list of sunset chemicals, the
Virtual Elimination Task Force concludes that suffi-
cient evidence exists for certain chemicals to be
sunset now, in particular the 11 Critical Pollutants
identified by the Water Quality Board in 1985 (see
Table 3). Thetaskforce notesthat actionstaken over
the past 20 years have significantly reduced ecosys-
tem concentrations of these substances, but levels
in the ecosystem continue to be elevated. Further
application of current programs to such sources as
combined sewers or landfills will effect some addi-
tional improvement and protection of ecosystem
quality. However,thetaskforce believesthatfurther
significant reductions are not possible through ex-
tension of present programs and practices. We must
come to grips with some fundamental issues, and
sunsetting is a mechanism to do this.The Virtual
Elimination Task Force recommends that:
3. The Parties immediately initiate measures to
sunset the 11 Critical Pollutants, including all as-
pects of their manufacture, use, and disposal.
A schedule for sunsetting should beestab—
lished by the Parties priorto the Commission's 1993
Biennial Meeting.
The task force is aware of the myriad of
issues that must be faced and resolved to fully
sunset the 11 Critical Pollutants. Among these are:
- Continued use and disposal practices.
PCB is an example where manufacture has ceased,
butthis alone is not sufficient. Apparent losses from
continuing uses and from waste storage and dis-
posal sites will ensure continued input to the Great
Lakes Basin Ecosystem. Consequently, ecosystem
concentrations will remain elevated unless the use
of PCB ceases and existing stocks are destroyed.
- Remediation. The sediment and ground-
water are two major reservoirs of such persistent
toxic substances as PCB and mercury. Despite
considerable research and study, how does one
remove such contamination from the ecosystem or
effectively isolate it?
'Foreignuse. DDT has been virtually banned
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from use in the United States and Canada for nearly
two decades. However, massive use overseas
ensures continued input to the Great Lakes Basin
Ecosystem, e.g. via atmospheric transport. To
eliminate atmospheric input, sources outside the
Great Lakes basin must be controlled.
- Natural occurrence. Mercury and lead
occur naturally and cannot be completely elimi-
nated, short oftransmutation. However, particular
anthropogenic uses or processes associated with
these elements can be sunset.
If we are serious about virtual elimination
and fulfilling the requirements of the Agreement,
then these and similar questions must be faced and
resolved.
Chlorinated Organic Substances A WV
The Virtual Elimination Task Force notes
 
that approximately half ofthe 362 chemicals on the
Water Quality Board's1986Working List (see above)
are chlorinated organic substances. Because of
their persistence, many will ultimately appear on
the list of substances to be sunset. Therefore, it is
logical to investigate processes that produce chlo-
rinated organic substances, and to consider
sunsetting the use ofchlorine. Consideration should
be given to such factors as major users, availability
of alternatives, benefits, economics, and whether
certain uses (e.g. zebra mussel control) can in fact
be eliminated. The task force will continue to
review this issue as it finalizes its report.
The Virtual Elimination Task Force recom-
mends that:
4. The Parties investigate all uses of chlorine and,
in particular, develop by January 1, 1993 a time-
tableto eliminate the use of chlorine asafeedstock
in the pulp and paper industry.
Sunrise 7, ,
The criteria and procedure to sunset chemi-
cals should also be applied to new chemicals, Le. a
 
sunrise process, following the principle of reverse
onus. Advocates for the production and use of a
new chemical should bear the responsibility to
demonstrate that the substance does not
bioaccumulate or threaten the health of fish, wild-
life, or people. The onus should not be on the
governmentorthe publicto provethatthechemical
will cause harm.
CONSUL TAT/ON AND DIALOGUE
 
The task force supports multi-stakeholder
consultation to identify the existence of problems
and workto implement solutions. Consultation and
dialogue are essential to establish priorities, set
goals, and define actions within a logical
decisionmaking process. The task force sees simi~
lar ongoing consultations, for example, within the
frameworkofthe Canadian provincial RoundTables
on Sustainable Development and the Commission's
own series of roundtables on Great Lakes water
quality issues.
Therefore,the Virtual Elimination Task Force
recommends that:
5. The Parties highlight and adopt consultation and
dialogue as the cornerstone in the virtual elimina-
tion strategy.
As part of its forthcoming work, the task force
can help define and initiate the broadbased consul-
tation that will set this process in motion. As part of
its final report to the Commission, scheduled for
1993, the task force can advise the Commission
about the ongoing consultative process or pro-
cesses to be adopted.
FUNDING FOR CLEANUP: THE UTILITY 0E RAPS
The development and implementation of
remedial action plans (RAPs) represents a major
commitment of Great Lakes governments to clean
up the 43 most contaminated Areas of Concern in
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 the Great Lakes basin. Details about the RAP
initiative,and companion programs about Lakewide
Management Plans, are contained in numerous
reports prepared under the auspices of the Com—
mission.
The task force recognizes the role that
RAPs can contribute toward achieving the virtual
elimination goaloftheAgreement,especiallywhen
dealing with such issues as contaminated sedi—
ment. The taskforce notesthattechnologies,while
not all proven, are beginning to be applied.
The taskforce notes a major limiting factor
related to the RAP initiative and to achieving the
virtual elimination goal: funding. In fact, the
Agreement is silent on this topic. Two major
questions are:
0 What is the total cost to clean up each
Area of Concern?
- What are the options and alternatives for
raising revenue?
The task force further observes that no con-
certed effort exists to deal with the funding issue,
although there are a number of individual efforts
associated with individual RAPs. Without adequate
funding,afirm scheduleto implement programsto
remediate Areas of Concern and to achieve virtual
elimination cannot be established.
To facilitate implementation of RAPs, to
remediate Areas of Concern and to take a major
stepto achievetheAgreement'svirtualelimination
goal, the Virtual Elimination Task Force recom-
mends that:
6. The Parties determine the total cost to clean up
each Area of Concern, and undertakea coordinated
effort to identify and compile a comprehensive list
of alternative mechanisms to raise revenues.
Funding information will facilitate timetables
for RAPimplementation and achievementofvirtual
elimination, as well as help define potential social
economic impact.
SOURCES
 
The Virtual Elimination Task Force con-
cludes that information about sources and quantin
ties of persistenttoxic substances entering the Great
Lakes Basin Ecosystem is inadequate. In addition,
information about the quantities of persistent toxic
substances produced, used, released, and disposed
of is incomplete. Such information is required for
development and implementation of a virtual elimi-
nation strategy.
The Virtual Elimination Task Force recom-
mends that:
7. The Parties enhance programs to monitor spe-
cific sources and quantify the loadings of persistent
toxic substances to the Great Lakes Basin Ecosys-
tem.
8. The Parties provide quantitative information
about the amounts of persistent toxic substances
produced, used, released, and disposed of.
The information provided by the two Parties
should beuniform, integrated, and codified.
INDICATORS 0R MEASURES OF SUCCESS
Appropriate indicators are necessary to
track progress toward the virtual elimination goal
and to demonstrate ecosystem restoration and pro—
tection. The task force has discussed the types of
indicators required but observes that data are rou-
tinely collected for only a portion of these.
The Virtual Elimination Task Force recom-
mends that:
9. The Parties, with public consultation, select a
suite of indicators and initiate measurement pro-
grams to track progress toward the Agreement
goal to virtually eliminate the input of persistent
toxic substances to the Great Lakes Basin Ecosys-
tem.
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 FUTURE DIRECTIONS
PART V -
APPENDICES
PUBLIC COMMENTARY AND ADVICE
The findings from task force investigation
to date, coupled with public input, have provided
direction and focus for the task force's remaining
work, to be undertaken during the period October
1, 1991 to September 30, 1993. The task force
proposes the following activities:
- Criteria for chemical selection. Review
selection criteria and procedures currently in use
and recommend a framework to identify which
chemicals will be subject to a virtual elimination
strategy.
- Consultation and outreach. Ascertain
whether the task force's work is properly focused
and whether its advice will be useful to stakehold-
ers.
-Sunsetting. Investigate mechanisms and
opportunitiesto sunset persistenttoxic substances.
- Strategydevelopment. Focus on pa rticu-
larissues associated with developmentand/orimple-
mentation of a virtual elimination strategy, includ—
ing: contaminated sediment, atmospheric emis-
sions, present uses, storage and disposal, sewer
overflows, nonpoint surface runoff, and point
sources.
- Prevention technology. Technological
roles and opportunities to prevent generation of
persistent toxic substances in the first place.
- Legislation and regulations. Further as—
sessment.
- Economic considerations. Further as-
sessment, with particular attention to the cost of
virtual elimination and sources of revenue.
The Virtual Elimination Task Force welcomes
feedback about its future work during the remain-
der of its mandate.
The following people and organizations
provided written advice aboutthe task force's initial
work, as described in the discussion summary re-
leased in April 1991.
- Barbara 8. Glenn and Jeffery A. Foran,
George Washington University.
- Gerry Rees, on behalf of the Council of
Great Lakes Research Managers.
- William C. Sonzogni, on behalf of the
Council of Great Lakes Research Manag-
ers.
- DavidL. Egar, on behalfofthe Great Lakes
Water Quality Board.
- Doug Dodge, Ontario Ministry of Natural
Resources.
- Mary Ellen Johnson, citizen.
- Peter Taft, Canada Department of Na-
tional Health and Welfare.
- Michael Gilbertson, International Joint
Commission.
- David Hunter, Aird & Ber/is, Barristers
and Solicitors.
- Mark SprouIe-Jones, McMaster Univer-
sity.
- Lyman F. Wible, Wisconsin Department
of Natural Resources.
- E. T. Wagner, Canada Department of the
Environment.
- D.J. Schneider, Fort Howard Corporation.
-EdwardJ. Wilusz, Wisconsin PaperCoun-
cil.
- Great Lakes United.
o DelRector, Michigan Department ofNatu-
ral Resources.
’ - Gordon Lloyd, on behalfof the Canadian
Chemical Producers' Association.
- Liz Wessel, Citizens for a Better Environ—
ment.
- M.J. Wright, PolysarRubber Corporation.
- H.H. Eisler, Ste/co Inc.
 
 In addition, the task force received written
and verbal feedback at two public workshops, held
April 24, 1991 in Milwaukee, Wisconsin and May 1,
1991 in Hamilton, Ontario. This advice has been
incorporated, to the extent possible, into this in-
terim report and also will be used to help shapethe
task force's work during the remainder of its man—
date.
The Virtual Elimination Task Force grate-
fully acknowledges the time and thoughtful insight
that each individual and organization provided.
Their interestand concern bodes well forthefuture.
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